Abstract pH-sensitive micelles with hydrophilic core and hydrophilic corona were fabricated by self-assembling of triblock copolymer of poly(methylacrylic acid)-poly(ethylene glycol)-poly(methylacrylic acid) at lower solution pH. Transmission electron microscopy and laser light scattering studies showed micelles were in nano-scale with narrow size distribution. Solution pH value and the micelles concentration strongly influenced the hydrodynamic radius of the spherical micelles (48-310 nm). A possible mechanism for the formation of micelles was proposed. The obtained polymeric micelle should be useful for biomedical materials such as carrier of hydrophilic drug.
The self-assembly behavior of double-hydrophilic block copolymers under the influence of a given external stimulus, such as a change in pH, temperature, or ionic strength, has attracted considerable interests due to their potential application in areas such as biomimetic chemistry, molecular switch, and controlled drug delivery [1] [2] [3] [4] . Many systems, such as poly(ethylene glycol)-blockpoly(N-isopropylacrylamide) [5] , poly(styrenesulfonic acid)-block-poly(methacrylic acid) [6] , and poly(ethylene glycol)-block-poly(methacrylic acid) [7] , have been investigated.
PMAA is one of the most commonly used hydrophilic polymers that possess several specific properties such as bioactive, pH, and ionic strength responsive properties. A number of polymeric micelles formed from PMAA-based amphiphilic diblock copolymers have been investigated for various applications [8, 9] . PEG is a noncharged, hydrophilic, and nonimmunogenic polymer that has found wide chemical, biomedical, and industrial applications [10, 11] . Complexation of PMAA with PEG has been extensively studied [12] . Also, the micellization of PEG-b-PMAA diblock copolymers with linear structure, as well as with branched or graft architecture has recently been studied [7] . However, there is no report on the self-assembly behavior of double-hydrophilic triblock copolymer of PEG and PMAA (PMAA-b-PEG-b-PMAA). Actually, triblock copolymer display very rich phase behavior and morphologies in solution, because of their special compositions and properties [13, 14] . Therefore, it is very interesting to have insight into the self-assembly behavior of this novel double-hydrophilic triblock copolymer PMAA-b-PEG-b-PMAA in aqueous solutions.
Amphiphilic block copolymers of poly(tert-butyl methacrylate)-block-poly(ethylene glycol)-block-poly(tertbutyl methacrylate) were first prepared by using bromoterminated difunctional PEG as macroinitiators by the atom transfer radical polymerization. After the removal of the tert-butyl group by hydrolysis, triblock copolymers of PMAA-b-PEG-b-PMAA were obtained (Scheme 1). The resulted triblock copolymer was characterized by size exclusion chromatography (SEC) using polystyrene standard and had an M n of 11 K and a polydispersity of 1.3. The number of structural units of PMMA and PEG block is 100 and 46, respectively. The typical procedure of the preparation of triblock copolymer micelles in selective solvents is shown as follows: triblock copolymer PMAAb-PEG-b-PMAA (0.05 g) were dissolved in 100 mL dimethylformamide (DMF), followed by the filtration of the solution through a 0.45 lm Teflon membrane filter (Chromatographic Specialties Inc.). The micelles were formed by the addition of the resulting DMF solution into water with lower pH value at a rate of 1 drop per 60 s with continuous stirring. The micelles solution was stirred for 24 h, and then dialyzed in water using a cellulose dialyzer tube. The hydrodynamic radius, R h , of the micelles was measured by laser light scattering (ALV500E, ALV Co., Germany) and nanosphere morphologies were directly observed using a transmission electron microscope (TEM; Hitachi H-7010A).
Typical TEM image of micelles is shown in Fig. 1 . As shown in the figure, spherical micelles with a narrow size distribution were obtained from double-hydrophilic triblock copolymer PMAA-b-PEG-b-PMAA. According to the calculation results from TEM, the size of the micelles is ca. 92 nm. The average size and size distribution of micelles (PDI) could also be determined from DLS measurement. The hydrodynamic diameter was 96 nm from DLS method, which was well consistent with the TEM results (Fig. 2) . And PDI value by DLS was 0.053, also showing narrow size distribution. Figure 2 shows the dependence of R h and polydispersity of micelles on the solution pH value. Minimum R h value and the narrowest PDI occurred at pH 2.6. When pH value decreased to 1.7, the R h value increased abruptly to 310 nm, whereas an increase beyond 2.6 also led to the increase in R h value along with a slight increase in the polydispersity.
Based on the fact that the fabrication as well as the average size and size distribution of PMAA-b-PEG-b-PMAA micelles were strongly dependent on the pH value, a possible mechanism for the formation of PMAA-b-PEGb-PMAA micelles at lower pH value was proposed and shown in Scheme 1. It is well-known that nonionized PMAA is water-soluble and has an hypercoiled conformation as result of the intramolecular hydrogen bonding of the MAA units when the solution pH was less than 6 [15] . Therefore, above pH 6, PMAA-b-PEG-b-PMAA chains were in extended chain conformation due to the electrostatic repulsion between the PMAA segments [8] . Decreasing the solution pH down to 6 caused the conformation change of PMAA segments from extended chain to hypercoil. This change of conformation resulted in the aggregation of PMAA chain segments into micellar core. Simultaneously, the middle block PEO self-assembled into micellar corona due to the back-folding and looping of PEO chain [13, 16] ; therefore, the generation of micelles with water-soluble PMAA core and hydrophilic PEO loop chain corona was realized. The reason why minimum R h and the narrowest size distribution occurred at pH 2.6 was not clear at this moment. Possibly, 2.6 was a critical pH value, and PMAA chains would more tightly aggregate at this value, resulting in firmly fixed micelles, whereas a further decrease below 2.6 caused much more aggregation of PMAA segments, leading to unstable micelles and even precipitation of the polymers.
The application of these pH-sensitive micelles with hydrophilic core and hydrophilic corona as a carrier of hydrophilic drug will be subsequently reported [17, 18] .
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